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eftabliCbing the Longitudes over all the Earth. For,befides that 
thefe Eel ipfes are very frequent , the Emerfion and Immerfion 
of thefe S<i^/tf«,efpecially in the fliadow of Jupiter , is fo 
momentany and fo fenfibie, that they may be obferved with the 
greateft exa&nefs, being altogether exempt from thofe effemial 
inconveniencics that accompany the Eclipfesof the Sun and 
Moon, which alfoare rare, and whofe beginning and end are al- 
waies doubtful by reafon of a certain ambiguous light. 

The Longitudes of places at Sea, Capes, Promontories, and 
divers Iflands being once exactly known by this means, would 
doubtlefsbeof great help and confiderable ufefulnefsto Na- 
vigation. 

Since Monfieur Borelli hath found this way of working 
Glafles , he entrufted the fecret of it to a perfonof the Aca- 
demy above-mentioned ; and he purpofeth to publifh the fame 
hereafter,with fome other confiderable Obfervations touchipg 
the fame GlafTes. 

A Letter from Liege concerning Mr. Newton'* Experiment 
of the coloured. Speftrum ; together with fome Exceptions 
againjl his Theory of Light and Colours. 

Hon rd Sir, 

MR Gafcoigne having received your obliging Letter of 
jM.\% y with frtfh directions from Mr. Newton ; bur 
wanting convenience to make the Experiment according to the 
faid inftrudtions, he has requeued me tofupply his want. In 
compliance with his requeft I have made many Trials ; the 
hTue whereof I here acquaint you with: next, with fome ex- 
ceptions, grounded on Experiments, againftMr.iVIrJVftw's new 
Theory of Light and Colours. 

The vertical angle of my Prifm was 60 <&g;thediftance of the 
Wall, whereon the coloured SpeUrum appeared, from the Win- 
dow.about r 8 foot; The diameter of theHoleintheWindow- 
fhuts in length the line a,which upon occafions I con- 
^ traced to half the faid diameter; but fti'.l with equal 
fuccefs as to the main of the Experiment.The refracti- 
ons on both fides the Prifm s were as near as I could ma ke them, 

equal, 
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equal,and confequenc'y about 48 ^.40', rhe refra&ive power 
of Glafs being computed according to (he Ratio of the Sines 
t to 3. The di fiance of the Prifm from the hole in the Shuts 
was about 2 inches: The Room darkned to that degree as to 
equal the darkeft night , while the hole in the Shuts was co- 
vered. 

Now as to the iTue of my Trials 5 ! confrantly found the 
length of the coloured \v?.gt (tranfvetfc to the axis of the 
Prifm) confiderably greater than its brtadth, as of en as the 
Experiment v as made on a e'ear day 5 but if a bright Cloud 
were near the Sun , J found it fometimes exactly awMf. L/»* 
wrote you, namely broader than long, efpecially while the 
Prifm was placed at a great difrance from the hoe. Which 
Experiment vi! J nor, I conceive, be queff toned by Mr, New- 
ton i it being fo agreeable to the received laws of Refractions 
And indeed the Observations of thefe two Learned perfons, as 
to this particular, areeafily reconcileable to each other , and 
both to truth 5 Mr Newtcn (as appears by his better of Nov. 
Jafr, wherein trore fully he delivers his mind) contending only 
for the length of the Image (rranfverfe to the axis of the Prifm) 
in a very cltar day ; whereas Mr. Line only main^ain'd the 
excefs of breadth, parallel to the fame axis, while the Sun is 
in a bright cloud. Though as to what i< f.irther delivered by 
Nr.Netvton(Phil,tranfaff. N. 8o./>. 3077 5 and oppofed by 
Mr. Line, N129.P 501.) namely that the length of the co- 
loured Image was five times the diameter of its breadth; I 
never yet have found theexcefs above thrice the diameter, or at 
mod 3J, while the refractions on both fides the Prifm were 
equal. So much as to the matter of fad. 

Now as to Mr. Newton's Theory of Light zv.6 Colour s,l con 
fefs, hisneatSett of very ingenious and natural inferences, war. 
to me upon the firft perufal a ftrong conjecture in favour of his 
new dodfcrine ; I having formerly obferv'd the like chain ot 
Inferences upon fearch into Natural truths. But fince fevera? 
experiments of Refraftions remain ftill untouch'd by him , I 
conceived, a further fearch into them would be very proper 
in order to a further difcovery of the truth of his Affertion, 
For, accordingly as they are found either agreeing with, or 
difagreeing from, his new Theory,they muft needs much flreng- 
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then,or wholly overthrow the fame. The Experiments I pitch- 
ed upon for this purpofe, are as follow : 

r. Having frequently oblerved , that the form of Objects 
viewed in the Microfcope (or rather of the Mierofcope it fllf) 
confifts almoftin an indivifible point, I concluded, two very 
fmall pieces of Silk, the one fcarle% the other violet colour, 
placed near together, fhould, according to Mr, AWw's Theo- 
ry, appear in' the Microfcope in a very different degree of 
clarity, in regard their unequal refrangibility moft caufethe 
fcarlet rays or fpecies to over-reach the Retina , while placed 
in the due focus of the violet ones, and confequtntly muft cc- 
cafion a fenfible confufion in the vifion of the former , one and 
rhe fame point of the Scarlet object affefling feveral nerves jn 
the Retina,. Yet upon frequent trials I have not been able to 
perceive any inequality in this point. 

2. The fecond Experiment I made in Water. I took a 
brafs Ruler, and fattening thereunto feveral pieces of Silk, red, 
yellow, green, blew and violet, I placed it at the bottom of a 
fquare veffel of Water : then I retired from the VefTel fo far as 
not to be able to fee the aforefaid Ruler and coloured Silks 
otherwife than by help of the refrafled Ray. Now, did Mr. 
Newton s doctrine hold, I conceiv'd, I fhould not fee all the 
mentioned Colours in a ftreight line with the Ruler, in regard 
the unequal refrangibility of different Rays muft: needs dif- 
placefome more than others* Yet in effect, upon many Trials, I 
conftantly found them in as ftreight a line as the bare Ruler had 
appeared in. 

3. Taadvance this Experiment, I adpyneda fecond refra- 
ction to the former of the Water, by placing my Prifm fo as to 
receive .perpendicularly the refracted Jpecies of the Silk and 
Ruler 5 whereby only the emergent (pedes fuffered a fecond 
refraction. But frill with equal fuccefs, as to their appearing in 
aftraight line, to the eye placed behind the Prifm. 

4. To thefe two Refractions I further added a third, by 
receiving the coloured fpecies obliquely upon the Prifm j where- 
by both incident and emergent Jpecies fuffered their refpeftive 
refractions. But ftill with the fame fuccefs as formerly, as to the 
lireight line they appeared in* 

For 
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For furrhw sfteace in this Experiment , left prepofleffi. 
on, occasioned frorc previous knowledge of tht Silks fcuua- 
tion in aftreight line, mhght poffibly prejudice the judgment 
of theeye(<fsfometimes I have obferved to happen to the 
judgment the Eye pafTeth upon thediftance of Objeflsj I cal- 
led into the room fome unconcerned perfons, wholly ignorant: 
what the Experiment aimed at 5 and demanding whether they 
faw not the coloured Silks and Ruler in a crooked line ? they 
anfwered in the negative, 

5. The next Experiment I made in ancompounded Co- 
lours (as Mr. Newton terms then), Prop. $ejr 13 J as follows. 
Having caft two coloured Images upon the Wall, fo as the 
Scarlet colour of the one did fall in a [freight line (parallel to 
the Horizon) with the Violet of the other : I then looked up- 
on both through another Prifm,and found them frill appear in 
aftreight line parallel to the Horizon, as they had formerly 
done to the naked eye. Now according to Mr. Newton's AC- 
fertion of different refrangibility in different Rays, I con- 
ceive the Violet rays fhould fufFera greater refraction in the 
Prifm at the ey e s than the Scarlet ones, and confequently both 
colours fhould not appear in aftreight line parallel to the Ho- 
rizon. 

6. Another Experiment I made in order to fome further 
difcovery of that furprizing Phenomenon of the coloured 
Image, which occafioned Mr. Netvtons ingenious Theory of 
Light and Colours^ as alfo his excellent invention of the re- 
flecting Telefcope and Mkrofcopc. Having then fometimes fuf- 
pefted, that not only the direft Sun-beams , but alfo other ex- 
traneous light might poflibly influence the coloured Speffrunt, 
I hoped to difcover the truth of this fufpicion by means of 
the Sun-fpots, made to appear in the coloured Image by placing 
a Telefcope behind the Prifm. But my endeavours proving 
ineffectual hereinby reafbn of fome intervening difficulties , I 
thought at length of a more feafible method in order to the 
defigned difcovery, as in the" following Experiment. 

I fattened a very white Paper .circle (about an inch in dia- 
meter) upon my Window-lhuts ; and beholding it through my 
Prifm, I found a Coloured image painted thereby upon my 
jRr*M»*3 anfwerable in almoft all refpefts to the former of the 
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Sun- beams upon the Wail, efpecially when the Paper-circle 
was indifferently well illuminated. This Image indeed appear- 
ed contrary to the former as to the fcituation of Colours, that 
is, the Scarlet appearing above, the Violet below , though but 
faint. But this I was not furprized at, having obferv'd upon 
differing the eye,that objects are painted on the Retina after a 
contrary pofture to what they appear to Sight. Having thus 
rendred the Coloured image much more tradable than for- 
merly it was, I conceived good hopes of fbme further dif- 
eovery in the point mentioned. 

In purfuance then of my former fufpicion, having fixed my 
v Tab II ^ r, ^ m in a ft eacJv Pofture , I caufed the paper C to be 
Fig.j&d! applied clofe up to the Paper-circle abdx whereupon 
the fortcer Violet d, and Scarlet colour of C vanifhed 
into whitenefs. Next, 1 removed the mentioned Circle from 
the Shuts,and placed it in the open window, fupported only by 
theedge d: whereupon>,toruy aftonifhment,ali theformer Co- 
lours exchanged poftures in the Retina, the Scarlet now ap- 
pearing below , the Violet above ; the intermediate Colours 
fcarce difcernible. And here, on the by, 'tis very remarkable, 
that, during this Obfervation, I clearly perceived both Blew- 
and Scarlet-light to be tranfparent , I being able to difcern 
feveral objects through both , namely Steeples oppofic to my 
window. Whence it follows , that thefe Colours do in great 
part arife from the neighbouring light. Laftly, 1 placed the 
Paper-circle anew-, foas the one half b was faftened to the 
Shuts, the other femicircle a being expofed to the open Air; 
Whereupon the femicircle a became bordered with Violet 
above, Scarlet below ; but the other femicircle b quite con- 
trary. Hence I make the following Inference;. 

F/>/?,Thatnot only the Light reflected from the Paper-circle, 
but alfo from the ambient Air, ba:h great influence upon the 
Coloured image,efpecially as to the Violet and Scarlet colour?. 
Whence perchance it will not hereafter feem ftrangf, that the 
coloured Spetfrum on the Wall is fo long, but only that the 
breadth is not greater* Secondly, Were there a more luminous 
body behind the Sun, we Should in all likelyhood have the co- 
lours of the Spetfrttmm a contrary fcituation to what they 
appear in at prefent : Whence {thirdly it feeros to follow/hat 

the 
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theprefent fcituation and order of Colours, arifeth not from 
anyintrinfecal property of refrangibility (as maintained by 
Mr* Newton) but from contingent and extrinfecal circumftances 
of neighbouring objecfo. For accordingly as the body be- 
hind the Paper-circle was more or lefs illuminated than the 
Circle it felf , all the feveral Colours changed their fcitua- 
tion. 

8. The next Experiment was made in order to Mr. Nervtons 
doftrine of primary Colours, as Prop.$- Having covered the 
Hole in the Window-fliucs with a thin flice of Ivory, the tranf- 
mitted light appeared yellow; but upon adding three, four, 
and more flices, it became red. Whence it ftems to follow, that 
Yellownefsof light is not a primary colour, but a compound 
of Red,&c. 

9. The laft Experiment was made in reference to Mr. New- 
ton's 1 2 Prop, where from his own principles he renders a very 
plaufible Reafon of a furprizing Phanomenon , related by Mr. 
Hookei namely of two liquors, the one Blew, the other Red, 
both feverally tranfparenr, yet both, if placed together, be- 
came opake. The reafon whereof, faith Mr. Newton, is , be- 
caufeif one liquor tranfmitted only Red, the other only Blew, 
no rays could pafs through both. 

In reference then to this point , 1 filled two fmall Glafles 
with flat poiifhed bottoms, the one with Aqua firth, deeply 
died Blew ; the other with Oyl of Turpentine, died Red 5 both 
to that degree, as to reprefent all objeQs through them refpe- 
ftively Blew or Red. Then placing the one upon the other , I 
was able to difcern feveral bodies through both : whereas ac- 
cording to Mr. Nervtons Theory , no ob;e<5k fliould appear 
through both Liquors ; becaufe if one tranfmit only Red, the 
other only Blew, no rays can pafs through both. 

Thefe Experimental Exceptions will not, I hope, be un- 
welcome to Mr.Nervton, his only aim being the improvement 
of Natural knowledge's it is alfo of, 

Sir, 
Tvur humhh Servant, 

Anthony Lucas. 
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Poftfcxipt, 

JUJl upon the clbfe of the admned Letter, I received from Mr. 
Gafcoine,j«w of May the fourth ; wherein you arepleafed 
to favour us with an exa& account of the famous Experiment of 
the coloured Spe&rumylatety exhibited before theftoyal Society. 
1 was much rejoiced to fee the Trials.of that Uhtfirious Company, 
agree fo exaSly with ours kere t though in fonuwhatours difagret 
from tTWir.Newton, as you will under /land by the imlofed impar- 
tial account from t 

Sir, &c 

Mr. Newton'x Anfwer to the precedent Letter, pint to the 

PuMJber. 
Sir, 

THe things oppofed by Mr. Line being upon Trials found 
true and granted roe; I begin with cbe new queftion 
about the proportion of the length, of the Image to its breadth. 
This I call a new one\ for, though Mr. Line in his lair Letter 
fpake againft fo great a length as I affign , yet, as it feems to 
me, it was not to grant any tranfverfe length fliorter than that 
affignedbyme, (for in his firft Letter he abfolutely denied 
that there would be any fuch length ,) hut to lay the greater 
emphafis upon his diCoourfewhilft in defence of common Op- 
tiques he was difputing in general againft a tranfvwfe Image: 
A nd therefore in my Anfwer I did not prefcribe the ;oft quan- 
tity of the refracting AngJe with which I would have the 
Experiment repeated : which would have been a necef&ry 

circumftance , bad the difpute been about the 
VS. t«£nT ^ proportion of the length to the breadth. 
iW<»5cw,-torl T^ 6 * * added.* this Nooe, that the bigger the 

angle of uhe Prifoi is , the greater will be the 
'ength in proportion to the breadth j not: imagining but that 
when he had found ip»ny Prifm the length of the Image tranf- 
verfe to the axis he would eafily thence conclude, that a Prifoi 
witba greater angle would make the Image longer , and con 
feqwntly that by ufing an angle great enough hr might bring it 
to equai or exceed the length affigned by me; as indeed he 
might: for by taking an Angle of 70 or 75 degrees^ or alittle 

greater. 
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